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Abstract.MeV-SIMS is an emerging mass spec-
trometry imaging method, which utilizes fast,
heavy ions to desorb secondary molecules. High
yields and low fragmentation rates of large mole-
cules, associated with the electronic sputtering
process, make it particularly useful in biomedical
research, where insight into distribution of organic
molecules is needed. Since the implementation
of MeV-SIMS in to the micro-beam line at the
tandem accelerator of Jožef Stefan Institute,

MeV-SIMS provided some valuable observations on the distribution of biomolecules in plant tissue, as discussed
by Jenčič et al. (Nucl. Inst. Methods Phys. Res. B. 371, 205–210, 2016; Nucl. Inst. Methods Phys. Res. B. 404,
140–145, 2017). However, limited focusing ability of the chlorine ion beam only allowed imaging at the tissue
level. In order to surpass shortcomings of the existing method, we introduced a new approach, where we employ
a continuous, low-current primary beam. In this mode, we bombard thin samples with a steady chlorine ion flux of
approx. 5000 ions/s. After desorbing molecules, chlorine ions penetrate through the thinly cut sample and trigger
the time-of-flight “start” signal on a continuous electron multiplier detector, positioned behind the sample. Such
bombardment is more effective than previously used pulsing-beam mode, which demanded several orders of
magnitude higher primary ion beam currents. Sub-micrometer focusing of low-current primary ion beam allows
imaging of biological tissue on a subcellular scale. Simultaneously, new time-of-flight acquisition approach also
improves mass resolution by a factor of 5. Within the article, we compare the performance of both methods and
demonstrate the application of continuous mode on biological tissue. We also describe the thin sample prepa-
ration protocol, necessary for measurements with low primary ion currents.
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Introduction

The value of molecular imaging has increased significantly
within the last decade. Numerous biomedical researches

seek the identification and lateral distribution of molecules in
living organisms [1–4]. Several cases of molecular imaging use
can be seen in studies of drug metabolism in pharmaceutical
research [5–8], as well as plant [9, 10], animal [11], and human
physiology [12, 13].

Secondary ion mass spectrometry (SIMS) [14] is among the
most widely employed mass spectroscopy imaging (MSI) tech-
niques. It engages ions or ionic clusters with energies ranging
between 0.5 and 30 keV to desorb particles from the investigated
sample. Although praised for its excellence in lateral and mass
resolution capabilities, compared to other MSI techniques such
as DESI (desorption electrospray ionization) [15] and MALDI
(matrix-assisted laser desorption ionization) [16–18], SIMS ex-
periences difficulties in providing higher yields of heavier, non-
fragmented, secondary ions. Difficulties in desorbing heavy
secondary ions are partially solved by using large clustered
primary ions, such as C60 [19] and Arn (n = 60–30,000) [20].Correspondence to: Primož Pelicon; e-mail: primoz.pelicon@ijs.si
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In order to overcome such problems in a different manner,
another approach was taken by a novel SIMS method, using
high-energy, heavy (swift) ions, MeV-SIMS [14, 21–23]. Al-
though the basic principles of such analytical method are very
similar to the original SIMS technique, the formation of second-
ary ions is caused by a different desorption process. While in the
case of (keV) SIMS, secondary ions are desorbed through
nuclear collisions (collision cascades); the desorption process
with MeV-SIMS is governed by electron excitations, which
results in higher yields and softer sputtering of heavier mole-
cules, even compared to C60 keV primary ion clusters [24–27].

MeV-SIMS method has been implemented [28] using the
high-energy focused beam from 2 MeV tandem accelerator
[29] at the Jožef Stefan Institute (JSI) to complement extensive
biomedical research based on elemental mapping with micro-
PIXE [30–32]. Also, considering the available focusing power
of standard Oxford Microbeams triplet lens, MeV-SIMS is
generally executed by 35Cl ions with charge states 5+, 6+, or
7+ and energies ranging between 5 MeV and 12 MeV. The
energy and charge of the primary ion beam are customized by
the needs of the research, with lower energy ions being more
appropriate to the needs of better focusing characteristics,
associated with higher lateral resolution, and higher energy
ions being used, when we sought for higher yields of non-
fragmented heavier molecular ions (i.e., m/z > 2000 Da). Due
to the best compromise between available brightness, focusing
ability, and associated stopping power, the most commonly
used ions for the molecular imaging withMeV-SIMS at JSI are
35Cl6+ with an energy of 5.8 MeV.

Originally, the method was conducted by pulsing the pri-
mary ion beam. Sample, residing in vacuum of about 5 × 10
−7 m bar, was bombarded by short pulses of chlorine primary
ions, generated by the parallel plate deflector. One of the plates
was constantly biased at approx. 900 V, while the voltage on
the other was switching from 0 to 900 V. The pulsing of the
beam arose every 100 μs and the 900 V voltage effectively
lasted from 20 to 100 ns, which was reflected in the duration of
the primary ion pulse. Start of the voltage pulse at the deflector
also served as a “start” signal to measure the time-of-flight of
desorbed molecular ions. The energy of desorbed secondary
ions was determined by the bias, applied to the sample holder,
which amounts to most common values of + 3 kV in positive
and − 5 kV in negative ion detection mode. The time elapsed
between desorption of the molecule and detection of the same
molecule by the microchannel plate (MCP) detector, positioned
at the end of 1-m long drift space, depends on the mass and
charge of the molecular ion.

The 3 MeV proton beam, used for extensive elemental
tissue mapping with micro-PIXE at JSI, can be currently
focused down to 0.6 × 0.6 μm2 for high-current micro-
PIXE elemental imaging due to high brightness of
multicusp ion source [29]. Such a beam in combination
with frozen hydrated tissue preparation technology [30, 32]
enables quality elemental imaging with micro-PIXE at the
subcellular level. In contrast to the proton beam, 5.8 MeV
35Cl6+ beam could only be focused to approx. 15 × 15 μm2,

as the limiting factor is the brightness of the sputtering
source. Such lateral resolution enabled molecular imaging
with MeV-SIMS at the tissue level only, discriminating
distinctive tissue morphological structures. The time-of-
flight (TOF) mass spectrometer can provide mass spectra
of molecules with masses of up to 4000 μ, due to limited
secondary ion acceleration voltage. Future application of
higher voltages, both at the sample holder and higher post-
acceleration voltage on the MCP detector, should greatly
enhance the upper mass detection limit and shift the main
limiting factor towards the physical process of electronic
sputtering. The mass resolution of the pulsed MeV-SIMS
mode was capped mainly by the length of the primary ion
pulses shaped by the beam deflection device. Currently,
the achievable mass resolution using such mode is estimat-
ed at the value of 350 for the m/z value of 300 μ.

Use of Continuous Primary Ion Beam
The existing setup of MeV-SIMS offers some advantages over
other molecular imaging techniques such as conventional
SIMS, but the limitations of mass and lateral resolution make
it only partially applicable for uses in advanced biomedical
investigations. The mass resolution of spectra is mainly influ-
enced by the pulsing regime. The length of pulses has a lower
limit at dt = 20 ns, which is equal to time-of-flight uncertainty
of sputtered molecules. Since it takes approximately t = 10 μs
for most molecules to drift from the sample to the MCP
detector, the time resolution cannot exceed the limit of 10 μs/
20 ns = 500 by much. We can therefore conclude that our
current mass resolution, m/dm =½ t/dt, is already at the higher
limit and it cannot be improved significantly with the existing
setup.

In order to overcome such restrictions, we introduced a new
“start” signal. Instead of triggering the TOF measurement
simultaneously with pulse of the primary ion beam, which only
vaguely suggests the start of the desorption process, we decided
to detect incoming ions directly. One can do that by detecting
transmitted primary ions behind the sample, similar to the idea
proposed by Siketić et al. [33]. By placing a continuous elec-
tron multiplier (CEM) behind the sample (Figure 1), the time
uncertainty of start signal will become almost irrelevant if the
samples are thin enough to allow the transmission of primary
ions. The CEM will operate at bias of about 2400 V, which is
enough to detect vast majority of incoming ions. Lower applied
voltages on the CEM result in a position-dependent signal of
primary ions.

The additional advantage of detecting the transmitted ions is
the opportunity of utilizing lower primary ion currents. With
the pulsed primary beam, ions were only bombarding the
sample in approx. factor 10−4 of the total time of the measure-
ment. Therefore, the absolute primary ion current had to be
held high enough in order to maintain some reasonable count
rate at the MCP detector. By operating with the continuous
primary beam (also proposed in [23]), we may reduce the
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primary beam current to a value of approx. 5000 ions/s. To
attain such low primary ion current, the object and collimator
slits along the beamline, which dictate the size of the incoming
ion beam, can be closed to a much smaller dimensions,
allowing sub-micrometer lateral resolution.

The main challenge with this new approach is the sample
preparation, so imaging with continuous beam is not applicable
for any biological material of interest. Since 5 MeV ions can
penetrate through only about 5 μm of organic tissue, samples
should be prepared in a form of thin slice. However, most
biological tissues can be prepared accordingly to the demands
of the new continuous beam method. Thinly cut tissue samples
are deposited on a thin pioloform material with thickness of
approx. 100 nm. Pioloform is pre-coated on both sides by
approx. 7 nm of carbon to become electrically conductive and
allows for equipotential definition in the sample plane. Since
carbon coating results in no characteristic peaks in the mass
spectrum, opposite to gold coating, we introduced a double-
sided carbon coating in the substrate preparation protocol.

The thin sample preparation fails in several specific cases,
when sample cannot be prepared in the form of very thin slices,
e.g., human hair [34]. Therefore, the co-existence of both,
continuous and pulsed, primary beam modes will still be nec-
essary in order to suit most of the possible research interests.

Lateral and Mass Resolution
After the CEM detector was installed inside the microprobe
vacuum chamber, its operation was tested with 5.8 MeV 35Cl6+

primary ion beam.

The fine settings of currents driving the magnetic quadru-
pole lenses at the microprobe were optimized by scanning the
beam over the reference copper mesh with 2000 periods/in.,
which is equal to 12.7 μm/period. In the high-current beam
mode required for the MeV-SIMS with the pulsed primary
beam, focusing is done with heavy ion PIXE (HIXE) method,
where the emission of Cu LαX-rays is detected as a function of
the beam position. At the primary ion beam fluxes of 5000
ions/s, the yield of the induced X-rays is four orders of magni-
tude lower and could not be used. The beam size is in this case
optimized by the CEM detector positioned behind the sample.
The mesh bars stop completely the primary beam, whereas in
the aperture region, the ion beam is transmitted and detected by
CEM. A negative image of the mesh appears and can be well
used to focus the beam (Figure 2).

With the object and collimating slits aperture values, which
provide the primary ion fluxes of 5000 ions/s suitable for the
MeV-SIMS continuous mode, we obtained sub-micrometer
beam size. The optimal size of the brighter 5 MeV 35Cl5+ beam
is approx. 600 × 800 nm2 in horizontal and vertical dimensions,
respectively. In the case of more frequently used 5.8 MeV
35Cl6+ primary beam, the obtained optimal beam size is
800 × 900 nm2.

At the incoming primary ion frequency of 5 kHz, this in
average is equal to 1 ion arrival at the sample per 200 μs. The
duration of our time-of-flight measurement cycle is 100 μs.
Under this conditions, obeying the Poisson statistics, there is
approx. 30% probability of additional arrival of a random
single ion within the TOF cycle, and approx. 8% probability
for the arrival of two additional primary ions. The acquisition
system ignores the arrival of these “random” ions, as the “start”

Figure 1. The scheme of experimental chamber at the JSI micro-beam line. CEM detector is positioned behind the sample holder
on axis of primary ions
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detection is inhibited during the duration of the TOF cycle. Due
to a random, time uncorrelated formation of secondary ions by
these random primary ions, additional “stop” signals are trig-
gered and associated with a random mass of secondary ion.
This results in the formation of uniform background in the time
(mass) spectra (Figure 3).

To deter the occurrence of the random background in the
mass spectra, we applied the existing deflection plate system to
blank the beam after the detection of each individual primary
ion for a period of the duration of the TOF cycle (100 μs).
Figure 3 demonstrates in logarithmic scale the occurrence of
substantial uniform background in the mass spectra of leucine,
when the frequency of the primary ions in the continuous
primary beam is increased from 2 to 10 kHz. In addition, the

Figure 3 shows the effect of the primary beam stopping on the
background amplitude in the measured mass spectra.

According to the laws of the Poisson statistics, in the case of
high count rate of 10 kHz, there are only 5000 primary ions
triggering the TOF measurement. Remaining 5000 primary
ions are bombarding the sample randomly; thus, the back-
ground contributes to 50% of count rate in this case. For lower
current at 2000 primary ions per second, there are on average
1667 triggers of TOF per second; thus, the background contri-
bution is lowered to 16.7%, and for even lower current of 500
ions per second, the background is lowered further to 4.8%. In
the case when the primary ion beam of 10 kHz is blanked and
the undesired primary ions have only 1.5 μs to enter the
chamber (the time for 6 MeV Cl ions to get from the deflector

Figure 2. The negative image of 2000 periods/in. copper mesh and the beam profile along the x (left) and y (right) axes of the mesh,
using theCl6+ beam. The high count range represents the holes of themesh, while the low count area represents the copper borders.
The beam resolution is estimated via the knife edge method to approx. 800 × 900 nm, which is similar to PIXE abilities
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into the experimental chamber), until the beam deflector is
turned on, the expected background contribution is reduced to
0.67%.

Experimental data are summarized in Table 1. We com-
pared count rates in the last 60 and 12 μs of the time spectra,
where most of the acquired events occur due to the background
processes. An estimation of background contribution was then
uniformly fitted over the rest of the TOF interval and compared
with the results, predicted by Poisson statistics, which predicts
the number of background events reasonably. Higher back-
ground values were measured experimentally.

Rough statistical analysis of the background contribution, as
well as the appearance of the measured spectra with very weak
background in comparison with the spectra acquired with a
pulsed primary beam, indicates that we manage to detect the
arrivals of the primary ions with an efficiency very close to
100%.

Afterwards, we acquired the reference spectra of amino
acids and compared them with the spectra measured with
pulsed primary beam (Figure 4). As expected, the mass reso-
lution of spectra obtained by continuous primary ion beam
improved substantially in comparison with the pulsed beam
mode, as well as the peak-to-background ratio. The reason for
better peak-to-background ratio in the continuous mode of
operation is related with specifics of our beam pulsing ap-
proach, where we were not able to completely stop the arrival
of random primary ions during the “beam off” conditions.

In the spectra acquired with continuous primary beam, the
time width of several peaks in the time spectra is of the order of
4 ns, which is equal to the digitizing time of our analog-to-
digital (ADC) conversion unit at the FPGA module used for
data acquisition. The resulting mass resolution for the arginine
peak (m/z = 174.2) is m/dm = 800 (in pulsed mode 300), and
the hydrogen peak is accumulated within one channel in the
time histogram, which brings us to the mass resolution limit of
m/dm = 300 at the m/z value equal to 1. However, these values
are dominantly determined by the digitizing time of ADC
conversion unit. The mass resolution limit defined by physics
is expected to be significantly higher and achievable by alter-
native acquisition hardware with shorter digitizing time.

As we are interested in further improvement of the mass
resolution, we would like to estimate the physical constraints
that would decisively limit the possible improvements. The
initial energy dispersion of the desorbed molecular ions is
expected to be the main physical constraint for further improve-
ments of the mass resolution.

To compensate for the initial energy spread of the
desorbed secondary ions, the delayed extraction mechanism
was experimentally studied to further improve the mass
resolution. The main idea behind delayed extraction proto-
col is to allow the desorbed ions freely drift in space for a
definite time, without applying bias to the sample. After a
definite time, bias is applied to the sample, and correspond-
ingly, the kinetic energy to the secondary ions. Since the

Figure 3. Comparison of spectra when beam blanker is turned on/off. In order to better demonstrate the effect of beam stopping,
slits were open more than they usually are for low-current mode. Vertical scale is logarithmic

Table 1. Number of counts in the last 12 and 60μs of time spectra for the given primary ion current conditions. Background contributionwas then estimated by fitting
the background counts over the rest of the TOF interval and compared with the contribution predicted by Poisson statistics

Total counts Last 12 μs Last 60 μs Estimated background
contribution (%)

Predicted background
contribution (%)

CR= 500 Hz 103,327 1480 7938 11.9 4.8
CR= 2 kHz 648,178 23,113 120,215 29.7 17
CR= 10 kHz 705,700 58,003 290,690 68.5 50
CR= 10 kHz, blanked 366,824 368 6260 0.84 1.5
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ions with higher initial velocity will travel larger distance
from the sample, they will receive less energy in the extrac-
tion gap between the sample and the spectrometer nozzle.
Their TOF will in this way better match the TOF of initially
slower molecules.

Experimentally, the implementation of time-delayed
extraction mechanism proved to be very demanding using
the existing instrumentation. The required rapid rise of
the extraction voltage after the detection of the primary
ion causes oscillations in the extraction voltage, as well
as strong noise in the acquisition system, including series
of false signals in the CEM. In order to diminish the
noise in the system induced by the extraction pulses, the
nozzle of the spectrometer was positioned further from
the sample plane, resulting in a low secondary ion detec-
tion efficiency.

In our case, only a narrow and unstable combination of
experimental parameters enabled the acquisition of high mass
resolution spectra, presented in Figure 5. The optimal delay
observed experimentally differs strongly from the calculated
predictions based on the parameters of our spectrometer, where
for the mass of 175 Da, estimation predicts optimum resolution
at the delay below 100 ns. We observed a peaking of the mass
resolution of the arginine molecular peak at the time delay
value of 500 ns (Figure 5), where the mass width of a peak
reached approx. half of the width without delayed extraction.
Mass resolution at optimal time delay value for the molecular
peak of arginine with the mass of 175 Da was estimated to
reach a value of 1800 ± 150.

The delayed extraction proved to have a promising potential
in improving the mass resolution in the MeV-SIMS with TOF
spectrometers; however, it turned out to represent a complex
experimental endeavor, not completely solved within this
work. Additional efforts need to be invested to solve experi-
mental problems with the oscillation of the extraction voltage
during its rise time and the mitigation of the strong associated
noise in the channeltron detector, as well as in the entire
acquisition system.

Biological Tissue Imaging
The motivation behind the present work was to improve both
lateral and mass resolutions of MeV-SIMS for molecular map-
ping of the biological tissue at the cellular level. To demon-
strate the characteristics of MeV-SIMS with continuous prima-
ry beam, we executedmeasurements on thin slices of biological
tissue. The samples were prepared by colleagues at the Bio-
technical Faculty of University of Ljubljana.

The preset cutting thickness at the cryotome was varied
from 5 to 20 μm. After freeze-drying, the remaining thickness
of selected samples fell to the values, where 5 MeV 35Cl
primary ions penetrated the tissue tilted for 55 angular degrees,
providing the conditions for their chemical mapping with con-
tinuous primary beam MeV-SIMS.

Abundant presence of substances that provide structural
integrity of the tissue after freeze-drying enabled thin slicing
of the human liver tissue with uniform thickness. Frozen tissue

Figure 4. Comparison of amino acid (arginine) spectra obtained by bombarding the sample with continuous and pulsed 35Cl6+ ion
beam. The difference in peak-to-background ratio and in mass resolution can be clearly seen in all significant peaks. All spectra are
normalized to potassium peak
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was sliced 5 μm thick on cryotome, freeze-dried, and deposited
on the substrate consisting of 100 nm thick pioloform foil
coated with 7 nm of carbon on both sides. The resulting dry
tissue thickness was well below 2 μm, well suited for MeV-
SIMS with continuous primary beam.

The comparison of human liver spectra demonstrates that
the presence of the tissue does not impact mass resolution of
the spectra, which remains approx. 800 form/z = 73, compared
to the mass resolution of 200 obtained with pulsed primary
beam (Figure 6).

The difference in image quality between pulsed and contin-
uous primary ion mode is also presented in Figure 6. While the
resolution of 15 μm primary ion beam is barely enough to
ensure the focused sample image sized 1.4 × 2.5 mm (x-axis
is stretched due to the polar rotation of the sample), the image
in continuous mode shows the potential for further zooming
into the subcellular dimensions. Due to the homogeneity of
molecular distribution in animal tissues, additional zoom on the
human liver did not provide any additional valuable insights.

As evident in Figure 6, the count rate of secondary ions
reflects the sample topography, as the local surface inclination
influences the shape of the extraction field and, corresponding-
ly, the number of detected primary ions from this location.

In our mapping, we would like to minimize the influence of
the sample topography on the molecular yield. This could be
achieved by several modes of yield normalization. The yield of
selected molecular ion in each image pixel could be normalized
to the total secondary ion yield in this particular pixel.

Alternatively, hydrogen yield is affected by the morphology,
and as such also appropriate to normalize the molecular yields.
Figure 7 demonstrates the proportionality between total ion and
hydrogen signal at the corn seed tissue, presented in details later.

Normalizations on either hydrogen or total ion count have
their significant pros and cons. In the case, when total ion count
relies mostly on a few molecules, with their own preferential
distribution, yield normalization of those molecules might
overshadow the actual distribution. In this specific case, we
can see that most of the molecules reside in the proximity to the

Figure 5. Shape of arginine molecule peak for three values of time delay (above), and measured values of mass resolution as a
function of time delay
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Figure 6. Total ion count and distributions of several peaks in the spectra of the human liver tissue. The comparison of images
obtained by pulsed and continuous modes in the bottom line. In both cases, as well as in the cases of Figures 7 and 8, the sample
was irradiated for 6 h at a steady current of approx. 3000–5000 primary ions/s. The corresponding fluence did not exceed 1010

ions/cm2, which does not cause any significant damage to the samples according to our measurements [35]
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cellular wall. On the other hand, hydrogen is often detected
homogeneously throughout the biological sample, as is also the
case here, and its signal strength solely depends on topological
effects. However, the statistics of the hydrogen signal is

naturally worse than that of the total ion yield, which makes
yield harder to normalize. If hydrogen signal is sufficient, we
will normalize the yield of a particular molecular peak to the
hydrogen signal.

Figure 7. The topological effects have a significant effect on the signal strength, as can be seen on the total ion count image of the
corn seed tissue. The strength of the hydrogen signal was found to be homogeneous besides the influence of topology. The bottom
figure shows the ratio between total ion and hydrogen signal strengths. The resulting distribution is relieved from the inhomogeneity
caused by the sample topography
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Figure 8. Spectra of the corn seed in logarithmic scale, normalized to the potassium peak (m/z = 39). Full-scanned total ion image is
shown, as well as the distribution of several non-common molecular peaks in the zoomed area
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Another set of measurements on biological samples was
performed on corn seed tissue, prepared in the same man-
ner as the human liver tissue. Thickness of corn seed
samples was approx. 10 μm before drying in vacuum. We
found that somewhat greater thickness of plant tissue is
necessary due to the presence of cellular walls, which made
the cutting process more challenging. Lesser thickness re-
sulted in “empty” cells, whereas thickness above 7 μm
provided similar molecular yield than the one obtained by
measuring thick samples.

The most prominent peak in the spectra of corn seed (Fig-
ure 8) is potassium with m/z = 39, which is common in plant
tissues. Other significant, non-common peaks are at m/z ratios
of 95, 157, 175, 185, 213, 215, 485, 750, and 796. Since the
corn grain samples were exposed to several herbicides contain-
i n g g l y p h o s a t e (m / z = 1 6 9 ) a n d g l y p h o s a t e
isopropylammonium salt (m/z = 228), similar molecules were
sought in the spectra and imaged across the sample (Figure 8).

The 2D distributions of those specific peaks vary from case
to case. Some ions, including K and m/z = 213, show equal
distribution in both epidermal and mesophilic area, while their
micro-location tends to be in the proximity of cellular walls. On
the other hand, peaks such as m/z = 185 and 796 clearly show
preferential location in the epidermal region.

Conclusion
The development of MSI techniques is strongly motivated by
the demands from the research in biology and medicine. The
qualities of MeV-SIMS are well suited for the analysis of
biological materials, as they offer the detection of biomolecules
from chemically intact surface of the tissue. Since the elemental
imaging by micro-PIXE has been intensively used by the
biomedical community at JSI tandem accelerator, its lateral
resolution of up to 600 nm served as a major targeting charac-
teristic in the development of the MeV-SIMS to potentially
complement the available elemental images with correspond-
ing molecular images.

In our work, we reconfigured the mass spectroscopy
approach by detection of the arrival of individual primary
ions. This resulted in better definition of the “start” signal
for time-of-flight (TOF) spectrometry, as well as in the
efficient use of time in the TOF spectrometry, allowing
the use of low primary ion current. The reduction of the
primary ion beam intensity by three orders of magnitude
resulted in the reduction of primary beam size down to sub-
micrometer dimension. The beam size in low-current mode
depends on the type of the primary ion beam; however, both
5 MeV 35Cl5+ and 5.8 MeV 35Cl6+ beams can be focused to
dimensions of less than 1 μm. Such proficient lateral reso-
lution of MeV-SIMS competes with the most advanced MSI
techniques. In this way, it represents significant break-
through in comparison with earlier performance of MeV-
SIMS with pulsed beam featuring the lateral resolution of
10–15 μm.

Regarding the lateral resolution, the MeV-SIMS method
with continuous primary beam belongs to the world-class
MSI techniques. This is not the case with its present mass
resolution. While the improvement of the mass resolution in
comparison with the previously used pulsed mode is signifi-
cant, the realized mass resolution of about m/dm = 1000 for
masses of 500 Da is still inferior compared with the capabilities
of many other MSI methods. By our estimates, there is approx.
5 ns of time uncertainty during TOF measurement caused by
various instrumental and physical processes.

In addition, several characteristics of electronic sputtering
process are limiting the quality of mass spectra, the most
important being the initial velocity spread of secondary ions.
The time-delayed extraction is a possible solution to mitigate
the consequence of this spread on the mass resolution. Our
efforts in implementing the time-delayed extraction have not
provided consistent solution yet. The main reason for this
difficulties arises from strong instrumental noise induced dur-
ing the risetime of the extraction voltage.

The tissue sample preparation protocol for continuous
MeV-SIMS mode was developed in collaboration with Bio-
technical Faculty, University of Ljubljana. While preparation
of thin reference samples is a rather straightforward task, the
preparation of thin tissue slices for continuous primary beam
MeV-SIMS represents more demanding challenge. At the end
of the iterations, we succeed with the substrate consisting of
100 nm thick pioloform foil, with both surfaces coated by
approx. 7 nm of carbon. Solutions of reference samples are
afterwards spin-coated onto the substrate, while biological
tissues are thinly cut with a cryotome, freeze-dried, and later
deposited on the substrate. First tests of molecular imaging
performed on the human liver tissue and corn seed tissue are
promising and motivate the group to further delve into the
existing molecular imaging ability at the cellular level.
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